ABSTRACT Summary: SOAP is a stand-alone, multi-platform program to test the stability of a multiple alignment of molecular sequences. Availability: The software is available free of charge at
Optimal multiple alignment of molecular sequences is to homology estimation what an exact search is to tree inference: an NP-complete problem. Hence, it is, and will always be, computationally impractical for more than a few sequences. Heuristics have therefore been developed in the form of progressive alignment methods (Feng and Doolittle, 1987) , and the program CLUSTALW (Thompson et al., 1994) is one of the most widely used profile-based variant of this method. The algorithm implemented in CLUSTALW: (i) constructs a distance matrix of all N (N − 1)/2 pairs of sequences followed by approximate conversion of similarity scores to evolutionary distances; (ii) builds, on the basis of this distance matrix, a guide tree with NJ clustering, and (iii) progressively performs pairwise alignments of sequences and profiles at nodes in order of decreasing similarity.
Different portions of a given nucleic acid or amino acid sequence fragment can evolve at very different rates (both in terms of insertion/deletion and substitution of characters) such that the efficiency with which homology is inferred across sequences can vary greatly. Furthermore, different alignments produced through the use of even slightly different heuristic alignment parameters (such as gap/substitution costs) can yield significantly different results when subjected to phylogenetic analyses. Various methods for testing the reliability and consistency of alignments have been developed (e.g. Mevissen and Vingron, 1996; Notredame et al., 1998 , and references therein). The complexity of these elegant methods has prevented their frequent use for testing the reliability * To whom correspondence should be addressed.
of alignments used in phylogenetic analyses. Recently, rough estimation of alignment stability has been assessed through comparison of alignments produced under a few different gap opening/extension penalties (Gatesy et al., 1993) . This conservative approach assumes that confidence in homology assessment increases with stability to variation in alignment parameters. Very few authors (e.g. Milinkovitch et al., 1998) have applied the procedure as it is extremely tedious and error-prone when performed manually. Hence, we implemented it in a computer program, SOAP, which produces and compares CLUSTALW alignments.
SOAP can be used to define the interval for two alignment parameters (gap opening and gap extension penalties) and to produce an alignment for each of the possible combinations of parameters within that defined parameter space (Figures 1 and 2) . As it can also compare alignments including different sets of sequences, the stability of alignment to removal/addition of taxa/sequences can also be investigated. The sequences are aligned by the standard CLUSTALW algorithm, and they can either be produced locally or be distributed on several CPUs on a remote server. After the alignments have been produced, SOAP identifies the 'unstable-hence-unreliable' aligned columns by comparing a chosen set of alignments against a user-defined reference alignment. The reference alignment is shown in a scrollable window with color-coded character states, and the instability of each column (= the proportion of non-reference alignments differing, for that position, from the reference alignment) is indicated on a histogram header (Figure 2) . A consensus level can be chosen and the sites showing less than the defined threshold level of stability are automatically highlighted. The alignments being compared can be changed at any time by selecting/deselecting them in a separate window. Any column (aligned position) and row (sequence) can also be manually selected/deselected. The full reference alignment can be saved in Nexus or in plain text formats with the highlighted positions and taxa defined in a separate Paup-command-block respectively. The reference alignment minus the currently selected subset of sites and sequences can be exported in NBRF/PIR, Molphy or Phylip formats. SOAP is written in a rather 'conservative' Java 2 such that the version for MacOS is easily modified to compile under Java 1.1.8. The graphical user interface relies on the recent JFC/Swing library, and supports each platform specific 'Look & Feel'. SOAP also integrates a CLUSTALW (Thompson et al., 1994) multiple alignment procedure that is written in C. The alignment algorithm itself of CLUSTALW was left unmodified while some code was changed to allow porting to Java. The slightly modified CLUSTALW (originally version 1.74) code was recompiled as a shared object file and is called through the Java Native Interface (JNI). The binary code for the modified CLUSTALW object file is provided for Linux, PPC MacOS, and MS Win32 platforms, and compiling the code on other UNIX-like computers is straightforward. As an alternative to running all tasks locally, SOAP can be requested to send the computation-intensive tasks of producing alignments on a remote server. The server/client connection is created with sockets, and the native CLUSTALW program is executed on the server with Java Runtime.exec() method. In that case, SOAP works as a client and a simple Java wrapper is provided for the UNIX-like computer acting as the server.
